The objective of the study was to determine sensory characteristics and fatty acid profile of eggs from commercial laying hens fed rendered spent hen meal (RSHM). Eggs were collected on a daily basis from Single Comb White Leghorn hens between 43 and 60 wk of age. The hens were fed a layer diet containing either 0, 2.5, 5.0, 7.5, or 10.0% RSHM from 48 to 60 wk in Trial 1, and from 43 to 55 wk in Trial 2. Eggs were evaluated for sensory characteristics and fatty acid profile from hens fed the higher levels of RSHM (i.e., 7.5 and 10.0%). The RSHM treatments had no adverse effects (P > 0.05) on flavor, texture, and overall acceptability of the hard-boiled eggs. Fatty acid profile and total fat content of the eggs were similar for all treatments. Data demonstrated that up to 10% RSHM could be incorporated into the diets of laying hens, without altering the acceptability and fatty acid profile of the eggs produced.
INTRODUCTION
Researchers have reported the development of offflavor and odor in scrambled and hard-boiled eggs produced from layers fed rations containing such additives as rapeseed, fishmeal, and fish oil. Of the offflavors reported in hard-boiled eggs, fishy taint is the most common (Wakeling, 1982) . It can be caused by a wide range of ingredients, including rapeseed meal, extracted rapeseed meal and gum, fish oils, fishmeal, soybean gum, and choline (Hobson-Frohock, et al., 1975; Koehler and Bearse, 1975; Rojas-Daporta et al., 1976; Leeson and Summers, 1978) . Wakeling (1982) determined that a fishy taint off-flavor detected in eggs was due to an interaction between fishmeal diets and strain of bird. He determined that feeding Babcock or Warren strain hens diets containing 25 to 70 g Icelandic capelin fishmeal/kg of diet resulted in significantly higher production of tainted eggs from Babcock hens than from Warren hens. When both groups of chickens were fed a fishmeal-free diet, the proportion of tainted eggs was reduced from 17 to 1.3% for Babcocks hens. Austic and Nesheim (1990) reported that more than 1% fish oil (equivalent to 10% fish meal) in the diet of poultry resulted in the development of fishy flavor in the eggs and meat. Van Elswyk et al. (1992) determined that consumers could detect a flavor difference in scrambled eggs, but not hard-cooked eggs obtained from hens fed 3% menhaden oil. No flavor differences were reported for scrambled or hardboiled eggs from hens fed diets containing no added fat. In a second study, the researchers (Van Elswyk et al., 1995) determined that a linear increase in fishy flavor in scrambled eggs occurred as the level of dietary menhaden oil increased from 0 to 1.5%, with no difference between 1.5 and 3.0%.
Researchers have recently developed nutritious feedstuffs from spent hens in an effort to utilize a significant portion of the more than 125 million spent hens resulting from U.S. laying operations annually (Christmas et al., 1996; Marks, 1997) ; however, no information has been published on sensory characteristics of eggs produced from hens fed rendered spent hen meal (RSHM). The objective of this study was to determine the sensory quality and fatty acid profile of eggs from commercial White Leghorn hens fed RSHM produced in a commercial rendering plant.
MATERIALS AND METHODS

Sample Preparation
Trials were of 84 d duration between 43 to 60 wk. Eggs were collected on a daily basis from Single Comb White Leghorn hens between the 43 to 60 wk period. The hens 
Sensory Methods
To evaluate the organoleptic qualities of hard-boiled eggs from hens on the various RSHM diets, the Triangle Difference test (Roessler et al., 1948) was employed. The sensory evaluation was approved by the University of Florida's Review Board for Human Research. Hard-boiled eggs were utilized in this study in an effort to avoid imparting flavors from nonstick commercial pan sprayers or protein browning reactions. The boiling process ensured that the inherent egg flavor was preserved. Eggs were prepared by placing them in boiling water, and reducing the temperature to simmer for 22 min. Eggs were removed from heat, placed under a stream of cold running water for 10 min, peeled, quartered lengthwise, and served immediately to a consumer panel (one quarter portion per treatment), along with room temperature water and unsalted crackers (two crackers per panelist). Panelists were instructed to eat crackers, drink water between each sample to clear the palate, and pause for 20 s between samples. Like samples were served from the same egg per treatment per panelist. Three morning and three afternoon sessions were conducted for each treatment during each trial. A total of 80 eggs were utilized in Trial 1, and 88 were utilized in Trial 2. Sensory sessions consisted of comparing the control (0% RSHM) to the two highest RSHM treatments (7.5 and 10.0%). Panelists were given three coded samples and asked to identify the odd sample, record whether the sample differed in flavor or texture, and comment on any other differences that were detected. Each treatment was assigned a one-digit numerical code, and order of presentation to the panelists was randomized.
Panelists included faculty, staff, and students at the University of Florida. The panelists were untrained and consisted of individuals who consumed eggs (hardboiled, scrambled, or poached). Twenty panelists participated in Trial 1 and 22 participated in Trial 2. Except for the two additional panelists in Trial 2, the same panelists were used throughout the study. Sensory evaluations were performed in a 12-booth partitioned sensory room, equipped with exhaust fans, and illuminated by a combination of red and white lighting. Each of the 12 booths was equipped with a ceiling lighting system to provide red, white, blue, or yellow lighting as needed.
Total Lipid and Fatty Acid Analysis
A total of 20 eggs per treatment were randomly collected from the eight replicate pens (i.e., 60 eggs per trial and 20 eggs per treatment) receiving 7.5 or 10.0% RSHM. The 20 eggs were divided into four samples (5 eggs per sample). The yolks from each sample were manually separated, composited, and blended. Four 1-g aliquots of yolk from each composited sample were extracted using chloroform-methanol (Folch et al., 1957) . The percentage of fat was determined gravimetrically. Esters of fatty acids from all lipid extracts were prepared using a 0.2-g aliquot of each extract. Methanolic borontrifloride was employed as the transesterifying agent. The fatty acid methyl esters were quantified by gas chromatography, using an Elite Series GC column. 3 Samples were chromatographed (model AS-XL), 3 using a gradient of 120 C for 2 min, 120 to 180 C at 10 C/min, 180 to 220 C at 3 C/min, and 220 C for 12 min with helium as the carrier gas. Fatty acid peaks were identified by comparison with retention times of fatty acid methyl ester standards, and quantified by comparison with an internal standard area.
Data Analysis
Two trials were conducted with 140 eggs in Trial 1 (i.e., 80 eggs for sensory evaluation and 60 eggs for total lipid and fatty acid analyses), and 148 eggs in Trial 2 (i.e., 88 eggs for sensory evaluation, and 60 eggs for total lipid and fatty acid analyses). Data for the Triangle Difference sensory test were compiled, and computed to determine statistical significance (a = 0.05) based on the number of correct responses (Roessler et al., 1948) . Data for the fatty acid profile were analyzed using analysis of variance of the General Linear Model procedure of SAS ® software, and the LSMEANS procedure for generating SEM (SAS Institute, 1990; Littel et al., 1991) . The experimental design was a randomized complete block with three treatments (levels of RSHM in the diet).
RESULTS AND DISCUSSION
Sensory Evaluation
Panelists detected no significant flavor or texture differences among the eggs from layers fed 0, 7.5, or 10.0% RSHM (Table 3) . Approximately 90% of the panelists reported that all eggs were similar in flavor and texture.
The data demonstrated that RSHM can be incorporated into the diets of laying hens at levels up to 10.0% without causing objectionable sensory characteristics in the hardboiled eggs. Similar findings were reported for broiler meat produced from commercial broilers fed either RSHM (Williams and Damron, 1998b) , or rendered whole-hen meal (Williams and Damron, 1998b) . Williams and Damron (1998a) determined that up to 12% of rendered whole-hen meal, or RSHM (Williams and Damron, 1998) could be added to the diets of commercial broilers without having objectionable sensory characteristics.
Total Lipid, and Fatty Acid Profile
The total lipid content and fatty acid profiles for the egg yolks were similar (P > 0.05) for all treatments (Table 4 ). All fatty acid values were similar to those reported by Powrie and Nakai (1985) for chicken egg yolks. These researchers reported 23.5, 38.0, 14.0, 38.4, 16.4 , and 1.4% fatty acid fractions for palmitic (C 16:0 ), palmitoleic (C 16:1 ), stearic (C 18:0 ), oleic (C 18:1 ), linoleic (C 18:2 ), and linolenic (C 18:3 ) acids, respectively. A range of 31.8 to 35.5% lipid was reported by Powrie and Nakai (1985) for the yolk of fresh eggs, which was very similar to the lipid values determined in this study. Although stearic acid was at least 4% lower in all treatments than the 14.0% reported by Powrie and Nakai (1985) , it was very similar to the 8.1% reported by Schlosser et al. (1968) .
This study revealed that feeding hens up to 10% RSHM had no adverse effect on sensory characteristics, fatty acid profile, or total lipid content of their eggs. Because the RSHM was successfully incorporated into the diet of laying hens at 10%, the RSHM would provide a means of alleviating the problem of spent hen disposal. Additional work is needed to determine whether levels of RSHM in excess of 10.0% can be utilized in the diets of laying hens.
